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AnSieoling adel geotosleed Controld nyar:uiic Lieborstory

Ll feeakn i wivision Compisca by: J. sd. voums snd
senver, Colorado B. n. Blecikwell

Leteatul B, L1440 Heviewec by: J. H. Brodley

subjeet: oy artuilc com.atetions Lo wid in thne cocign of Stetion Lud7400
Wicteney for tie nerrt Lountiin Cunci--snosnone Project, Wyoming.

Inrrocuction, nyerausdc com UtLllong wels wce in Lhe Lenver

ayaroeoie Libvoratory  auring eorid ol 1938 1o ele in tne a-sign of
ol Linn aufTFud histoeney for Lne dewrt wountein Cunca, snosnone rroject,
wyoiding.  Lae roo2rt owos not compldetea ot L totime uue Lo aore urgent work

in the stworctors.

Fae ord ines desion o toe wootews: Lo snown o Fijuee 1. otution
JAdu DL Lnie . Leany de on bhe eunta centerline ot Cuhea stotlon Lo 7484,

Prw wlobtoaly Toow 1a conlro..-a Dy LD retbinfUair futlas. o0 open chute

Coorrios U 1aovw b2 Lue gtldsdnz-pooa wownstrewsm. Tooe o ur osce off the

Wil Ui, do LT UeVOLD OVerlOepihy 03 Law Chuod binsks Gar.ne anusuel Jiow

Dae Loasx0adn. rocommende. Wllicnsidns werle ddevertiinca Dy comparing

Lo oy wtosat proserties of tals structure vita thowe ol wpproximutely
SRIAan U Surdebuves 10r wiicd tae best nuslgns nuve been uetermined by
WOue L eaLelitento Lot nyulcuslc wrporutory. Lo the & enddx, discherge
CusVes e reeefibew SO Seversl Jobe slees. Tuaesce curves ml orove

PoluLaAre el gus,.



nestewey Culvert. The eaperimentey cilocnnrge retlag curve for the

curvert lnast vz wctermines oy test on tug mouel culvert ol tne

austenny of tne urevity Mein Cene i, Stetlon LO7£3u, Uile Velie, roject,
nLizons, walcn wos unuer test ot tone time In tne lueboretory. Tne arrunge-
ment 0f tue two cuiverts wne tile Ly, oroccs Chentiels were essenticily the
seme except Lant tne roofl entrince vas s,quire {for tne Heert ldountsin
Cuivert wnd rounded lor tue uravity Muin Cenel Culvert. Tie entrince

ve8 rectunguler in the monel. The nodel representea culvert openings

o by 7.5 teet to & licd scede for the Gravity idein Cunul anc openings

L by 5 Leet to v Lild scule for the Hewrt Mountein design. Flgure o

i
snows tae erperimentel westevey dliscnurge ruting curve converted to

prototype quantities for tne dewct wountein Wastewsy. JFrom tols curve, toe
westewny wild curry 50U secono-feet for the meximum cenel weter surfuce
eleviation of 5171.14, or for tne lesign cunei alscharge of 554 secona~f{ect,
the cunaes weter surtice elevotion willi be %171.05%. Talr clscatrge curve
mey De useu to vetermine tne cunes woter surfoce elevetion wren uny stuted
fiov is cuecked uno civertec by mewns o1 tue westeviy. Toe experimental
veides 06 Lao enefliclenty of contriction (na alschurge ere o iottea

”

nLSLevEY .

Lgtinst aesa ln Filjure 2 for the decrd dountudn

Con,utetion i'or meen erogs—scctionai vesocit, ot stetion whiiool.

Tae vesocity 1n tne cnute et otetion uf&,.Jl woo com uted vy tae Lesizgn
Section ony storting sltn the snown velocity ut siation 9£33.12 wna
trenting succeszive short rewcenes os is customery t'or riow in steep
cavtes. A8 & coucd, tne wssunption is mise tnet tae fiow willl be none-
weceluriting wt 3trtion oAL8.01.  From idwnoing's esuntion, ¢ velocity of
37,7 rwet w seconc wis obtilnet, wihicihi compzres very fovorstiy with

37.4 feet @ second &s camputed by tne irst metnou.

Computstiou for vertical curve, stutlon ofzs.ol Lo wfdi.n5.

berivi tion of tne eguetlion for tnhe trejectory in thne caute, peginning ot

stetion wfez.uil, ls «o Jollows:

y = x ten ¥ £ 25 ] (1)
< VS cosy

waere X 15 Lue noricontii coordinute, y tae verticil coorcinute, ¥ the




slope wngle of the enute (referreé to the horizontel) wt the beginning

of thne curve, Vo Lhie mean cross—sectionel velocity for the muximum
discnurge conaition st the beginning ot the curve, und g the uccelerstion
of grivity. The Vallecito Dam Spilliwey, which waas tested in the lubdorutory,
Jossessed o trijectory nﬁar the end of the chule very similer to the

proposea feart Mountuinfhésign. The originul trejectory of the Vallecito

5:illwuy wuy busca on Formule (1). Thnis trejectory wus found to be excessively

Steep, sincs tie waebel spraug irvee of tire caute {ioor downstresm from this
verticui curve, Tne computed meun velocity, V,, considering uil liosses
in tiee cuute, &b toe beginning of the trajectory wes computed to be 57 feet
n secony lor tne Volleelto Spillwey. s rlotter trujectory, buscd on the
taeoreticed mean veiocity of 2«<.5 feet « second, wnich wes computed by
neglecting #i1 loscs=s, proved sstisfuctory. The ejuetion for the satisfructory
trajectory proved 1o bes

y:.w.tan)d/ £

AV cos [V

where V is the tacoreticel velouvity at 3Stetion <£u3.01.

The rutios of the sguures of the two velocitlies are:

-

< . _z < < (eprroximete)
Ve (822) V. =2V
59 ° °

Suostituting (3) into (&)

YVeoxtun g { ' g (4)

< <
LV, cos ¢

Inspection snows thut if helf tne vslue of g is used in kquetion (1),
tne r=susts sre iuenticsl with tnose of Eguzstion (4). In tne proposed
¢ sign of Hewrt Jountein Westewsy, 1/< g was used in Equsation (1) so the
trzjectory is sufticiently flut to prevent any springing from the caute

nottom ut tue verticel curve,

Tae veloclty used in kEouation (1) wes the mean velocity of the
cross-section.  Since tne maximum velocity 'is consliderubly grester than
the meun verocity, o trijectory desiymed for the meun velocity will
ve too steeu for the muss of water flowing in the ares of maximum
velocity, as wus verified by tne Veliecito Spiilwey tests. Tor tnis reason,
it seems iogicel tnnt the trujectory should be desipgnud for the maximum

rutaer tosn the aversoe velocity or the cross~section &t tne beginning of

3




the irujectory. [he ratio of meximum to mesn veioclity for the foliowing

taree structures is:

() Veailecito opdlivay (model mewsuremsnt) Viuy./Voeon - 65/55 = 1.18
(b) Buid Leke bLem S,iliwsy (modei messurement)
Vaes./Vaeen = 66.9/59.4 = 1.16

(c) wouth ienel Cuube, Uncompungre ?roject (field wewsurement)

thx( Vaoun = 34.8/48.1 = 1,20

From tnese aeusurszments, inalcations are thut Las velocity to use in
b.ustion (1) shousu be wbout <O percent gre:ter tnun V,. Equation (1)

tnen vecomes:

y = % tun ¢ £ & . x (5)
238 Vo= cos <4

nccoraing to this wnelysis, Equetion (1), using the mean velocity und 70
insteaza of 50 percent of g, muy be used in computing the trajectory.
Experiments shoula be conducted to support this stetement. Entrsinment

of wny eir wiil twad u sufety fwctor, sinice veliocities wiil be lower.

inele of flere of the cnute, station «£74.45 to 3£05.38, entering

stitiingo-besin, Tue economicel widths of couve ana stiiilng-besin

wre ceterzincea {rom cost consiuverutions. Tne caute must be flared at
its Zower ¢nd sucu tnot there wisd be ¢ uniferm aistribution of depth
ol fiow entering the stiliing-bisin, There must be u suresding of the
{iow from tne nurrow cnute szection to tne wider stil.ing-busin section
wt such & rate tuet the depun alstribution remuins reietively uniform,
such sprewain,; under neturad forces is probubly effuvcted by the severzd
nydruusic properties involved, but its rete is known to be very closely
rercbeu L0 tue velocity. The tueoreticul mew. velocity at tne entrunce
Lo Lue stisiding-tesin for tne Leer Creek Dum bSpiliwesy wies 73.1 feet w
setunt wonlcn 1s spproXimately tue suwime &8 tnwt tor uhe deart dlountuin
upladlwiy. Tests on tue nodel ol tne Leer Creex splliway suowsed thet
tue wseximam totel wngle of fiure, In plan, to melontein o uniform aeptn
clstribution ot the 00l entrunce wes 11 degrees. Using i degrees for
tae neart Lountuin desijn jiwces toe beglnning of toe flere ut

“tition «£42.4. Uniess tocre wre otner elsiuvanteges, & reduction in

cost wnG oou :00i ccetion wii: resuit by eglnnin: tne flure ut sbout




‘ng

Station «f45.

ol tue cuute ieuaing into toe stileing-besin, Stution <£94..5
Lo sf405.88. Gerertl exgeriments neve been conducted in the leboretory

on CLuLe Sa00eS TLn;ing from L:l to thce norizontii. Thnere nes bdsen

L?i.l.o.ﬂg_

+ittew ifterence in the izugbh of tne jump or tne tullweter reuired

to muintulin tae jump for the Severtl Siog-: tested. 4 stee,er siope
tawn 3il, nowsver, recuces bhe effvetiveness of tae jump in aissipsting
energy of tie fiowing weter wnlcen wes incleeted by deeper scour when

10 rioess or slils were usec. Wit biocexks cnd & sili, or o uenteted
Diad LaOnE, LI LVETL,Le aestn ol scour wesn sboubl the sume ror c.il siopes,
4y sriusdice consiaerstions wousd inocleste o 1~1/<:1 sliope. rconomic
conelderations, aowsver, snow tuae steeper siope to be the more desirable.
1o o viven elevition of tne stiiling-besin, the fletter slopes will
regulre Llgner reteining-vwelos, o ogrester iength of emute floor te be
soslunen wgninst u ilr't ressure, enc more exceviution, thus incretsing
tac cost. [Tue centrifmugel forces ob tne junction of thne slo.e with the
DLSib L.00r ure jrecter for steeper s.opes, but tne structure is usuwslily

excessively wtrong &t tils oint,

Crnute bioegs.  omntl blocks Lloeec on thne cnute ut Lng entrunce

4

Lo tae stliying-busin wre eficctive In forming ¢ more efficient jump.

' .
«f Sul..

cLoes, tue loncoming jet 13 corrugated into & nunber of susll

Jbs, wuCa | roauciny 1te own system of wudies, tiuo resuiting in e greunter
adsnie tlon of wnergy.  Witn thoe numerous jets entering the ool in @
corru L led v Llern, prrt of tue Lign-velocity jet 1s lifted from tne fioor,
wulen L lod w3 Lo othe eflectiveness of tne judp.  du.eobed experiments

Lo Ve zagan wndis La2CAS L) by eliective in reuucing scour beyona tne ena

of the otiusling-iDesing, Lut tme b furtaer reauctlon in dcour is very siiont
witn waock nelgnts grecbsr tnen bue theoreticel [y v tn enterinyg tue wsin,
Lis in toe Ccove of dewrt sountuin feotewey, 1o couca Lo u.3d, walch

5 incunes, prototype. Lt is

resuitbs xu Lo biocd nelpat ol e proximetedy
Ver; proustie tatd tuls anusuisly Luln sueet of wuler 1.04in,; ot nign

veaoCity wlil contain o aign [ ercenti, 0 entrainee vir. For tnet Tenson,
Lie cuple 0 weter onterdag Liv L0004 My be o Suca o8 tud - ercent ,JLecter

Lotn Liv Lo orelleia s Ui, LML S0 gednehn L S0LLULC LLOUAS wrve recoumendec.,

Powlo fe Ve sand Laeb s Slata 3 GL0Ce L proXisa bedy v utd L0 Lhe deigut is

Lichern wiude, UG co coovwn Lo Ploure 4, ¢ re recommended.




Since the velocity is much lower ¢t the sldewulls, biocks jplaced here hsave

proved of littie use,.

Stitsing-busin fioor blocks. any arrsngement of buffle biocks on the

stiliing-busin floor wili, of course, uid in the dissipstion of energy in
thie pool. Blocks witit vertical upstresm fuces are more effective than

tnose with sloping upstreem fsces, so thut smcller sizes of verticui fuce
blocks muy be used to produce the sume resuits. towever, tne vertical
upstreunm fauce biocks will receive grecvter impect as the hipgh velocity
carries through on the flocr with iittle returdation. Thils calls for imcing
on the blocks, reinforcement, wné enchoruge. The results of model tests

of' three structures, witn tie muximum chuve velocity uapprovimetely the same
u5 for the Heart slountsain Wustewey, inuicate thet « row of biocks wbout
one-sixtn the tneoreticul Dy neight plecece e proximstely et the downstreunm
two-tnircs point of tne stilling-busin resuits in tne best jump performernce.,
Since tne theoreticuml vulue of by is 11 feet, & block neight of < feet wus
chosen. It is recommended tnut row of basln floor blocks, erranged es

shown in Figpure 4, be incorporeted in the design.

Stiliing-besin Yloor elevation. The proper elevetion of tne stiiling-

busin fioor wil. be determined by the use ol results from moael studies of
two simiicr structures of' the following uydruuile properties: (&) discharge
of 100.6 second-feet u foot width, Vi of 73.x feet & second, Dy of 1.457 feet;
theoreticul D, of «1.3 feet; (b) aischerge of 1u0.0 second-feet & foot widtn,
vy of 75.1 feet & second, Di of «.13 feet und theoreticsl Dy of <6.0 feet.

The mensured minimum [ deptnu for & good jump wes 13.0 feet for (u) end 2« feed
< [= J

for {b), wnich ere 84.5 unc 84.6 parcent of the theoreticzl, respectively.
Tne possibility of neving less deptn than the jump theory indicstes, without
cuusing the jump to sweep out, is &t lewst partly due to the influence of the
blocks ir muintuining tne jump in the busin. The theoretical D, for the

structure in guestion is 11.0 teet, und 385 percent of this is 3.35 feet.

The end of the trunsition ¢t eievation 5087.50 is considered ¢ control
over witicn water flows et criticul depth, which is wpproximstely <.<5 feet.
Consicering tue nead st tunis point to be 3/2 dey glves u water surfuce
spproximateiy 3.35 feet for meximum discnurge, und the required difference
in stlliing-pood floor and controi elevations becomes o.0 feet. From these

consideretions, the flioor muy be sufely ruised .09 feet to elevation 5033.50,
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RPPENDLX

According to Torricelli's tneorem, wuter discharging from un orifice
under & head, H, hus u theoreticul velocity equul to the velocity ucquired
by & body fuliing freely "in vucuo" througn e verticel cistznce, H, thut is:

Ve =Y 2 H (1)
or 2
H = Vt,/kg (2)

2
The expression Vt /2g is termed the veiocity hesd.

Because of the effects of friction and viscosity, the mean velocity of

u jet is erlwsys less thun the theoreticel velocity. Expressec by symbols:

=M ()

Tneretore, trom {1) V-
o- v y .
<gh ’ \4)

If A' is the cross-sectioncl area of the jet ¢t vens contrecta and A

is the srea of gute opening,
CC:A’/R (5)

C. decreuases &s contruction is reduced &nd &pproscnes unity for an opening

with welli-rounded cormners.

The discnurge from uny gate opening is equul to the prodﬁct of the

cross—sectionus srea of the jet at the venu contrscte, the meun veloclty at the

sume section and u coeftficlent, Cg, which represents the effect of velocity of

approach; thut is,

. Q=Cy VoA =CoC_Cphv,
. or C=Ch Viga (6)

where C = Ca Cc Cy

The vuiues of Cy and Gy are diilicult to ottuin experimentully, wund
tnese coefficlents are of theoretical rather thun prectical velue. The velue




of C, muy ve recaldy obltined by mewsuring tne cret ol tue jet ot tae venu
coutrictu.  humericul velues of C ure ovtiined by mewsuring the discoerge

I'rou on opering ol Xnown ulmensions ana tne governing pressure hewd.

Tne coelticlent C &s given by Foraule (0) includes the efiect of
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